The Lesser Antilles subduction zone has produced no recent strong thrust earthquakes, making it difficult to quantify the seismic hazard from such events. The Lesser Antilles arc has a low subduction rate and an accretionary wedge that is very wide at its southern end. To investigate the effect of the wedge on seismogenesis, numerical models of forearc thermal structure were constructed along six transects perpendicular to the arc in order to determine the thermally predicted width of the seismogenic zone. The geometry of each section is constrained by published seismic profiles and crustal models derived from gravity and seismic data and by earthquake hypocenters at depth. A major constraint on the deep part of the model is that mantle temperature beneath the volcanic arc should achieve a temperature of 1,100°C to generate partial melts. Predicted surface heat flow is compared to the available heat flow observations. Thermal modeling results indicate a systematic southward increase in the width of the seismogenic zone, more than doubling in width from north to south and corresponding to a dramatic southward increase in forearc width (distance from the arc to the deformation front of the accretionary wedge). The minimum width of the seismogenic zone (distance between the intersections of the subduction interface with the 150°C and 350°C isotherms) increases from about 80 km, north of 16°N, to 230 km, at 13°N. The maximum width (between the 100°C and 450°C isotherms) ranges from about 150 km in the north to up to 320 km in the south. This large variation in the width of the seismogenic zone is a consequence of the increasing width of the accretionary wedge to the south, caused by the increased thickness of sediment on the subducting plate. There is good agreement between the thermally predicted seismogenic limits and the sparse distribution of recorded thrust earthquakes, which are observed only in the northern portion of the arc. Possible scenarios for mega-thrust earthquakes are discussed. Depending on the segment length (along-strike) of the rupture plane, the occurrence of an event of magnitude 8-9 cannot be excluded.
Introduction
Subduction megathrusts produce the largest earthquakes on earth (Ruff and Kanamori, 1980; Johnson et al., 1996; Stein and Okal, 2005) . While many subduction zones (Tonga, Japan trench, etc.) produce frequent and large (M>7) earthquakes, others are marked by long periods of relative quiescence, punctuated by great earthquakes (Goes, 1996; McCaffrey, 1997) . The Antilles subduction zone spans over 1,500 km from NE South America to Puerto Rico, yet the vast majority of the Lesser Antilles forearc has not produced a significant subduction thrust type earthquake in the past 40 years. Indeed, according to the CMT Catalog, only two M5 earthquakes with a shallow west dipping focal mechanism have occured south of 16.5°N since 1976 (Fig. 1) . However, strong historical earthquakes have struck the region (Martinique 1839, intensity IX ; and Guadeloupe 1843, intensity X) raising concern about its future seismic potential (Dorel, 1981; Bernard and Lambert, 1988) . It has been difficult to quantify the seismic hazard in the region, because the dimensions of the seismogenic portion of the subduction fault plane cannot be determined using classical seismological methods (source-time studies or aftershock studies of great earthquakes). This study applies numerical modeling of the Lesser Antilles fore-arc thermal structure, performed along six transects perpendicular to the arc in order to determine the thermally predicted limits of the seismogenic zone. These results are compared to the observed distribution of seismicity and to the few thrust type earthquakes known in this region. Calculations are then made with respect to scenarios of thrust earthquakes that could potentially occur here, in the future. Ruff, 1993) . The consensus view is that "seismogenic" (stick-slip) behavior along the subduction plate-boundary megathrust is rheologically controlled, by the pressure, temperature and lithology and fluid pressure of the rock units along the plate boundary. The locked or seismogenic portion of the fault plane is thus bounded by an updip limit and a downdip limit, with different mechanical processes controlling each.
For the downdip limit there are two main propositions. Some authors consider that elastic strain can accumulate only between the crystalline basement of the upper plate and the downgoing plate (Byrne et al., 1988; Ruff and Tichelaar, 1996) , primarily because the mantle wedge beneath the upper plate is likely to be serpentinized (Hyndman et al., 1997; Oleskevich et al., 1999; Hilairet et al., 2007) and will thus exhibit stable sliding behavior. The second hypothesis is that as higher pressure and temperature conditions are reached (typically the 350°C and 450°C isotherms are considered to be the maximum temperatures for purely seismogenic and "transitional" behavior) the weakest rocks along the plate interface will begin to deform by ductile creep (Brace and Byerleee, 1970; Oleskevich et al., 1999) . There is a broad consensus that felsic rocks hotter than 450°C are no longer capable of storing and releasing elastic energy (Scholz, 1990) .
The updip limit is considered by most authors to be related to clay mineral dehydration reactions as high porosity deep-sea sediments are slowly transformed to low-grade metamorphic rocks that exhibit stick-slip behavior Ruff and Tichelaar, 1996; Moore and Saffer, 2001 ). These dehydration reactions (illite to smectite and opal to quartz) begin at temperatures of 60-100°C and continue to about 150°C (Moore and Saffer, 2001 ). Thus, 150°C is considered by most workers to be the beginning of true stick-slip "seismogenic" behavior, with transitional behavior to about 100°C or perhaps lower Oleskevich et al., 1999; Gutscher and Peacock, 2003; Marcaillou et al., 2006) . The simple conceptual model that interplate earthquake rupture can only occur along the contact zone between the oceanic crust of the downgoing plate and the crystalline crust of the upper plate (Byrne et al., 1988) has been disproved by the rupture zones of recent megathrust earthquakes in Sumatra 2004 (Lay et al., 2005) , Chile 2010 (Vigny et al., 2011) and Japan (Simmons et al. 2011; Lay et al., 2011) where in all cases, rupture and thrust mechanism aftershocks extended to within 20 km of the trench. These examples clearly demonstrate that the updip limit of the seismogenic zone can extend beneath the deformed sediments of accretionary wedges for megathrust earthquakes. Concerning the downdip limit, the 2004 Sumatra earthquake in fact initiated along the subduction megathrust beneath the forearc mantle (Dessa et al., 2009; Klingelhoefer et al., 2010) , further refuting this outdated model and underscoring the importance of finding other, better methods for estimating the limits of seismogenic ruptures beyond only studies of crustal structure.
In most subduction zones where strong earthquakes have occurred in the past few decades, source-time studies or aftershock studies can be used to determine the rupture zone and thus deduce the updip and downdip limits of the seismogenic zone (Beck and Ruff, 1984; Christensen and Beck, 1994; Lay et al., 2005 , Simmons et al., 2011 . In the absence of recent great earthquakes other "indirect" methods can be used to try to estimate the size of the potentially seismogenic zone. Geodetic methods for instance, were applied to try to determine the locked zone for Cascadia, which has not produced any great earthquakes in the past 300 years (Dragert et al., 1994 ; Miller et al., 2001; Wang et al., 2003) . One of the most common indirect methods used to estimate the limits of seismogenic behavior, is numerical modeling of the temperature distribution along the plate interface, based on the rheological considerations discussed above. This method generally yields results that are in good agreement with other methods (source-time studies, distribution of aftershocks, geodetic studies) Oleskevich et al., 1999; Gutscher and Peacock, 2003; Klingelhoefer et al., 2010) .
NUMERICAL MODELING OF FOREARC THERMAL STRUCTURE
We used finite element (FE) software developed by Kelin Wang .
The 500 km long FE-model consists of 936 quadrilateral elements, with a total of 2933 nodes.
The model includes the effects of radiogenic heating in the crust, shear heating along the subduction interface for an effective shear stress increasing progressively over the first 40 km from 0 to 10 MPa, and corner flow in the mantle wedge (Peacock and Wang, 1999) . Flow in the mantle wedge was obtained from the analytical solution for iso-viscous corner flow (Batchelor, 1967) driven by a subducting plate, a technique commonly used in numerical studies of forearc thermal structure (Peacock and Wang, 1999; Gutscher and Peacock, 2003; Klingelhoefer et al., 2010) . Thermal conductivity in the mantle and oceanic crust is 3.138 W/mK consistent with the GDH1 model (Stein and Stein, 1992) and thermal conductivity in the sediments is 2.5 W/mK (Peacock and Wang, 1999) . Heat generation in the upper crust of the upper plate (the Caribbean plate) is 3.0 microWatt/m 2 and in the lower crust is 0.27 microWatt/m 2 . Models with lower radioactive heat generation (1.3 microWatt/m 2 ) resulted in nearly the same thermal structure at depth (along the plate interface), but predict a significantly lower surface heatflow than that observed in the arc and backarc region. Thus, the higher value was selected. The cooling effects of rapid sedimentation of the incoming sedimentary section were also evaluated and found to be negligible for the northern transects and to reduce heatflow by about 10% for the southern two transects (Ferguson et al., 1993) . A low value of shear stress was used, increasing to 10 MPa within 40 km from the deformation front, and thereafter remaining constant. These values are in good agreement with experimental work on the residual shear strength of clays in the context of the ODP drilling at the toe of the wedge (Kopf and Brown, 2003) and with ealier thermal modeling (Ferguson et al., 1993) .
The geometry of the numerical model (the grid) as well as the principal boundary conditions are shown for a representative transect in Fig. 2 . The three primary input parameters to the model are: the plate geometry, the age of the subducting lithosphere and the subduction velocity. The boundary conditions include: at the trench, oceanic lithosphere isotherms for a subducting oceanic plate of the appropriate age based on the GDH1 thermal cooling model (Stein and Stein, 1992) , 0° C at the surface and an appropriate continental or oceanic geotherm on the backarc side boundary (depending on the nature of the upper plate).
The age of the subducting oceanic lithosphere is known from magnetic anomaly studies (Westbrook, 1984; Klitgord and Schouten, 1986) and is approximately 80 Ma. The relative plate motion between the Caribbean and North American plates here is 2cm/yr along a N75E azimuth, on the basis of geodetic studies (DeMets et al., 2000; 2007) . The relative motion between the Caribbean and South American plates is nearly E-W at a speed of 2 cm/yr (Weber et al., 2001) . These values were used as starting parameters for the thermal modeling.
The geometry of the subducting oceanic crust and the upper plate (down to 20 -30 km depth) as well as the sedimentary thickness at the deformation front of the accretionary wedge is constrained by multi-channel seismic and wide-angle seismic data and gravity models (Speed et al., 1984; Westbrook et al., 1988; Bangs et al., 1990; Ferguson et al., 1993; Christeson et al., 2003; Kopp et al., 2011) (Fig. 3) . Sediment thicknesses on the incoming plate vary from as little as 500m in the North to as much as 4 -5 km in the South.
Six transects were modeled perpendicular to the Lesser Antilles arc, three with orientations of ENE-WSW, between 19°N and 16°N ( Fig. 1, transects Modeling both profiles provides an independent measure of the reliability of the thermal modeling and of the impact of the shallow geometry. The deeper geometry of the subducting slab is obtained from the distribution of hypocenters. Two different earthquake catalogs were examined, the global catalog of relocated events Jan. 1964 -Dec. 1995 (Engdahl et al., 1998 , as well as the PDE/NEIC catalog ( http://neic.usgs.gov/neis/epic/epic.html ).
OBSERVED SURFACE HEAT FLOW
Heat flow data for the study area were obtained from the Global Heat Flow Database (http://www.heatflow.und.edu) and other published data (Fisher and Hounslow, 1990; Foucher et al. 1990; Langseth et al., 1990 , Ferguson et al., 1993 . The observed heatflow map (Fig. 4) 
THERMAL MODELING RESULTS: GUADELOUPE TRANSECT AND PARAMETER TESTS
For all model transects a range of parameters were tested. We present the best-fit thermal model for the Guadeloupe transect (B) along with the range of acceptable models (Fig. 5 ). The expected heat flow at the surface is calculated for this set of thermal models ( Fig. 5A ) for the range of model parameters tested (Table 1) . These included subduction velocities of 1, 2 and 3 cm/yr. Slab ages were varied from 60 to 100 Ma. Slab dips of 45° and 53° (for the deep portion 60-300 km depth) were also tested. Some models tested (for instance a slab dip of 45°, or a velocity of 1 cm/yr) were discarded because they predicted sub-arc temperatures too cold (<1,000°C) below the volcanic arc to generate basaltic magmas (Schmidt and Poli, 1998) and are thus incompatible with the observed volcanic arc (Table 1 ).
The preferred model, most consistent with the known slab age (80 Ma) and subduction velocity (2 cm/yr), yields temperatures of 1,100°C under the arc.
The predicted heat flow calculated for the preferred model is 60mW/m 2 at the deformation front, which is in fairly good agreement with the observed values (though somewhat higher than the average of the scattered data). A decline to about 30mW/m 2 is predicted in the fore-arc, followed by an increase to 85mW/m 2 in the arc and back-arc region.
Regionally high heat flow observed in the Grenada Basin (60 -100 mW/m 2 ) and Aves Ridge (100 -240 mW/m 2 ) has been explained by previous workers in terms of the back-arc setting of the former and a probable origin as a remnant arc for the latter (Clark et al., 1978; Holcombe et al., 1990; Blackwell et al., 1991) . The numerical model used does not account for heat advection by fluid flow, nor the heat transfer due to accretion of cold sediments at the toe of the accretionary wedge and thus certain short wavelength heat flow trends observed near the toe may not be successfully predicted by the thermal model.
We determined error bounds for the x-coordinates of the updip and downdip limits of the seismogenic zone for the Guadeloupe transect, with respect to the preferred model, on the basis of the parameter tests described above, and obtained +15, -10 km for the 100°C isotherm, +15, -5 km for the 150°C isotherm and ±5 km for the 350°C isotherm. These are represented by the gray bars in Fig. 5B . The 450°C isotherm is controlled by the location of the nearby hot wedge of convecting asthenosphere and does not vary. However, uncertainty in the exact geometry of the convecting mantle wedge can be expected to affect the position of the 350°C and 450°C isotherms.
SLAB DEPTH BELOW THE VOLCANIC ARC: EXPERIMENTAL AND GEOCHEMICAL CONSTRAINTS
A peculiarity of the preferred model geometry described above is a depth to the slab below the volcanic arc, which is 120 km. This is somewhat deeper than the global average of slab depth below volcanic arcs, reported to be 105 km on the basis of hypocenter distribution (Syracuse and Abers, 2006) . Model geometries with a slab at 100 km depth below the arc were tested for the Guadeloupe transect ( Fig. 5C ) and for other transects as well. In all cases these models proved to be unsatisfactory, because the maximum temperature below the arc (900°C) is too cold to explain the generation of basaltic magmas. The old age of the subducting slab makes its initial thermal structure rather cold, and the slow subduction velocity of 2 cm/yr induces only very weak convective flow in the mantle wedge, and thus very limited advection of hot mantle to the sub-arc region (Fig. 4C ).
Under these conditions, mantle temperatures of ca. 900°C are expected between depths of ca. 55 to 70 km, corresponding to lithostatic pressures of 1.7 to 2.2 GPa.
Conversely, temperatures higher than 1,000°C (up to 1,100°C) are predicted to occur between 55 and 85 km (lithostatic pressures of 1.7 to 2.7 GPa) for a slab at 120 km depth ( Vincent and Ilet à Ramiers, Martinique . Detailed experimental petrology studies carried on St. Vincent basalts (Pichavant et al., 2002; Macdonald, 2003, 2007) show that the corresponding primary magmas contained up to 4.5-5.5 wt.% H 2 O. Their most magnesian olivine and clinopyroxene phenocrysts have typical mantle compositions, and the bulk melt containing 4.5 wt.% H 2 O is in equilibrium with a spinel lherzolite assemblage at 1,185°C and 1.6 GPa (Pichavant et al., 2002) . At lower depths, it can evolve towards highalumina basaltic melts containing 7-8 wt.% H 2 O at temperatures from 1,160 to 1,060°C (Pichavant and Macdonald, 2007) . These conditions are totally inconsistent with the thermal distribution shown in Fig. 5C for a slab depth of 100 km beneath the volcanic arc. They are somewhat better accounted for by the 120 km depth model depicted in Fig. 5B . The latter model constructed for Guadeloupe, however, does not predict the maximal temperatures
(1,185-1,160°C) needed for the genesis of St. Vincent type hydrous primitive basalts.
Conversely, the thermal structure obtained for the St. Vincent transect, predicts temperatures close to or slightly higher than 1,200°C at depths ranging from 70 -90 km, which are consistent with available experimental data. For the reasons given above, a slab depth of 100 km was discarded and all transects were modeled with a slab at 120 km depth beneath the arc.
The 120 km depth retained is in good agreement with the values reported for the depth to the slab below the Northern and Southern Antilles arc, 108 km and 122 km, respectively (Table 1 Syracuse and Abers, 2006) and is in general agreement with hypocenter crosssections presented by other workers indicating a slab depth below the arc ranging from 120-140 km (Feuillet et al., 2002) . Lastly, it should be noted that applying a temperaturedependent viscosity for calculating the corner flow in the mantle wedge, can be expected to yield higher temperatures below the arc for the same overall geometry (van Keken et al., 2002) .
THERMAL STRUCTURE AND THE SEISMOGENIC ZONE
The modeled thermal structure along six transects is presented in Fig. 6 and the predicted and observed heatflow in Fig. 7 . The updip limit (as defined by the 100 -150°C isotherms) is located about 80 -150 km from the trench for the northern three transects, where the sediment thickness is least (<2 km), and where the accretionary wedge is smallest (<100 km wide). For the transect F (at 13°N) with the largest thickness of incoming sediment (a total of 5 km, including 3.5 km above the decollement), the 100°C and 150°C isotherms are crossed about 20 km and 80 km from the deformation front, respectively (Fig. 6 F) . Given the large sediment thicknesses, the thermal impact of sedimentation rates at the trench should also be considered (Marcaillou et al., 2008) . Test model runs, including the effects of sedimentation rates varying from 1.0 to 2.7mm/yr (for a total incoming sediment thickness of 1500m at the deformation front), were performed and showed only a minor effect on the thermal structure, producing a downdip shift of ±5km for the 150°C isotherm and a similarly small shift of ±5km for the 350°C isotherm.
The position of the downdip limit, as defined by the 350°C and 450°C isotherms, is located about 60-80 km and 40-60 km from the volcanic arc, respectively. These isotherms are strongly controlled by the position of the convecting mantle corner. Although the exact geometry of the mantle corner is not well known, for similar slab dips, the corner can be expected to be located at a similar distance from the arc. For the two differently oriented
Martinique transects C and D (Fig. 1, Fig. 6 C, D) , where it is not obvious whether North
America -Caribbean or South America -Caribbean motion is more appropriate, the deep thermal structure is nearly identical, with respect to the position of the volcanic arc. However, the shallow thermal structure is more strongly influenced by the different sedimentary thicknesses and the differences in the angle of plate dip here and results in a shift of the 150°C
and 100°C isotherms by 20 km and 40 km, respectively ( Fig. 6 C, D) . So summing up, the downdip limit is controlled primarily by the position of the convecting asthenospheric wedge when approaching the arc and the updip limit is controlled by the shallow crustal structure (plate dip and sediment thicknesses in the wedge and at the deformation front).
Specifically, our modeling predicts the minimum downdip width of the seismogenic zone (taking the 150°C and 350°C isotherms) to increase from 80 km, north of 16°N, to 230 km at 13°N. The maximum width obtained for the seismogenic zone, including the transition zones (100°C and 450°C isotherms) ranges from about 140 km (north of 16°N) to 320 km (at 13°N). In all cases the horizontal uncertainty in the position of an isotherm is roughly ±10 km.
All available hypocenters for shallow earthquakes (<50 km depth) with a shallow dipping thrust type earthquake mechanism were examined from the CMT catalog ( Fig. 1) and projected onto the respective cross sections (black diamonds in Fig. 6 ). Thrust earthquakes are abundant for transect A (through Antigua) and become scarcer for transects B, C and D (through Guadeloupe and Martinique). In all three cases, however, the position in crosssection of these thrust earthquakes falls within the thermally predicted seismogenic zone, with most occuring between the 150°C and 350°C isotherms. For transect A (through Antigua) a few hypocenters project between the 150°C and 100°C isotherms, in the upper transition zone.
There is general agreement between the predicted surface heat flow and the in-situ observations (Fig. 7) where the latter are sufficiently abundant, but there are also numerous sources of discrepancy. First, short wavelength trends caused by tectonic thickening in the frontal portion of the accretionary wedge, are not accounted for by the model, such as the rapid decrease at the front of transect E (at 14°N) (Fig. 7E) , shown by numerous in-situ measurements and BSR observations (Ferguson et al., 1993) . Second, there are other anomalously high heat-flow measurements due to fluid circulation through mud volcanoes, active faults (Fisher and Hounslow, 1990) or hydrothermal systems, locally causing a high degree of scatter in the observed heat flow (Fig. 7) . Finally, there are insufficient heat-flow observations to constrain certain predicted trends in critical areas, in particular the arcward increase in heat flow, roughly 60 -120 km seaward from the arc. This underscores the need for additional heat-flow measurements in this area, which should help to better constrain the location of the convecting corner and in turn the position of the downdip limit.
POTENTIAL MAGNITUDE OF FUTURE SUBDUCTION EARTHQUAKES
Taking the minimum dimensions for the seismogenic portion of the subduction fault plane for This is a slightly smaller size than the possible rupture zones of the 1839 and 1843 earthquakes (orange patches in Fig. 1 ). The co-seismic slip of 3m (used in the above calculation) represents the potentially accumulated slip, for a fully locked subduction fault plane, considering a relative plate convergence rate of 2cm/yr over the past 150 years (since these last major earthquakes in the region). Such a magnitude does not seem unrealistic.
Indeed the 1839 and 1843 earthquakes are likely to have had magnitudes in this range. The 1839 event was felt most strongly on Martinique with intensities of IX (modified Mercalli scale) and had an estimated magnitude between 7.5 and 8 (Dorel, 1981; Stein et al., 1982; Bernard and Lambert, 1988) . The 1843 earthquake was even stronger, causing the most severe damage on Guadeloupe, with intensities up to X and an estimated magnitude of roughly 8 (Dorel, 1981; Stein et al., 1982; Bernard and Lambert, 1988) .
The above scenario is a conservative estimate. A more pessimistic scenario with a larger rupture area must also be considered. Taking the larger downdip width of 200-250 km obtained in the Barbados region (transects E and F at 14°N and 13°N), and considering a longer lateral fault segment of 400-500 km, extending from roughly 11°N to 15°N, where no thrust earthquakes have occurred since at least 1976 (beginning of the CMT catalog) we obtain a much larger surface area, S = 1.0 x 10 11 m 2 . For a uniform co-seismic slip of 3m
(representing 150 years of relative plate motion for a fully coupled plate interface), the seismic moment becomes Mo = 9.0 x 10 21 Nm. In this case the resulting magnitude is Mw=8.6. If the last great earthquake in this zone occurred some 500 yrs ago (representing the period since Europeans arrived in the Antilles and began making written records), then more elastic strain may have accumulated, and the equivalent of 9 m of slip may be waiting to be released. In this case a magnitude 8.9 event cannot be excluded.
On the basis of the above calculations, it seems mechanically possible that magnitude 8-9 events could occur in the Antilles subduction zone. However, we have no reliable data on the recurrence interval between such earthquakes. Repeat times are likely to be longer than 150 yrs and could be as much as several hundred years or more, like for instance in the NW Sumatra subduction zone (Monecke et al., 2008; Jankaew et al., 2008) . Furthermore, the fault plane may not be fully locked (with 100% coupling), but a portion of the motion may be absorbed through aseismic slip or very slow (tremor type) slip (Rogers and Dragert, 2003; Beroza and Ide, 2009; Wech and Creager, 2011) . Thus, while such estimates must be viewed with caution, they should serve as possible scenarios when selecting appropriate building codes and considering the installation of infrastructure in low-lying coastal areas that would be exposed to ground shaking and to the possible occurrence of strong tsunami induced by such a potential earthquake.
DISCUSSION/CONCLUSIONS
Among the best known examples of locked subduction fault planes with long periods of quiescence are the Nankai (SW Japan) and Cascadia subduction zones where M>8 earthquakes occur on average at intervals ranging from about 150 years for Nankai (Kanamori, 1972; Hyndman et al., 1995) to several hundred to a thousand years for Cascadia Goldfinger et al., 2003) . The Lesser Antilles subduction zone shows numerous structural similarities to Cascadia, and Nankai (Gutscher and Westbrook, 2009) and to the NW Sumatra margin as well (Klingelhoefer et al., 2010) . All four zones are marked by thick sedimentary accumulations at the "trench" (so much so that little or no morphological trench exists because the accretionary wedge has grown out beyond the flexural bulge in most cases) and all are characterized by a very broad, low-angle accretionary wedge, accumulated as these sediments were scraped off the seafloor (Westbrook et al., 1988; Moore et al., 1995; Klingelhoefer et al., 2010) . The Antilles forearc, like Cascadia and Nankai, has not experienced a significant thrust type earthquake in the past 40 years. This was also the case for NW Sumatra prior to (Lay et al., 2005 . And while the orthogonal plate convergence velocity is fairly slow (3 -4 cm/yr) for Cascadia, Nankai and Sumatra, it is even slower (2 cm/yr) for the Antilles, which suggests the recurrence interval may be even longer than for the other zones (Gutscher and Westbrook, 2009 ).
The modeling results presented here indicate a systematic southward increase in the width of the seismogenic zone, more than doubling in width from the northern Lesser Antilles to the south, in response to the southward increase in fore-arc width. The thermally predicted limits of seismogenic behavior are in good agreement with the distribution of thrust type earthquakes for the northern Antilles subduction zone. For the southern Antilles (south of 14.7°N), thrust type earthquakes are absent (with a single exception at 12°S), so it is not possible to confirm or to disprove the predictions of the thermal model. However, on the basis of its thermal and structural characteristics discussed here, we conclude the Lesser Antilles subduction zone is potentially capable of producing a magnitude 8 -9 earthquake. 160 years have elapsed since the last great earthquakes and thus, if the fault plane is completely locked, it will have accumulated sufficient elastic strain to generate events of such strength. Given the higher population densities and their locations close to the coast, such an earthquake and an associated tsunami could have far more severe consequences than in the 19th century.
However, the typical recurrence interval for great earthquakes here remains uncertain, and thus hampers an accurate assessment of seismic hazard. Paleoseismological studies such as dating of earthquake triggered turbidites and/or tsunami deposits, and identification and dating of markers of seismically induced vertical movements (beach terraces, corals) will be necessary to answer this important question. Figure 3 (magenta lines) used to constrain the deep structure. The estimated locations of the two strongest historical earthquakes in the area, 1839 (maximum intensities IX), and 1843 (maximum intensities X), both believed to have been subduction thrust type events (Dorel, 1981; Stein et al., 1982; Bernard and Lambert, 1988) are shown as light orange ellipse shaped patches. The thick green dashed lines indicate the positions of the 150°C and 350°C isotherms along the subduction fault plane obtained from the thermal modeling described below, while the thinner green dashed lines indicate the 100°C and 450°C isotherms. The aseismic ridges appear to mark a diffuse plate boundary between the North and South American plates Patriat et al., 2011) . (Dorel, 1981; Stein et al., 1982; Bernard et Lambert, 1988) Patriat et al., 2011) . (Kopp et al., 2011) ; C) section à 16°20 ' N (Westbrook et al., 1988) ; D) section à 14°20 'N (Ferguson et al., 1993) ; E) section à 13°N (Speed et al., 1984) . Fisher and Hounslow, 1990; Ferguson et al., 1993) with sampling boxes for heatflow sections presented in Fig. 7 shown. (Global Heatflow Database; Fisher et Hounslow, 1990; Ferguson et al., 1993) . Les zones retenues pour les coupes de la Fig. 7 sont indiquées.
FIG. 1. -Carte de l'arc des Petites Antilles, associant données bathymétriques (grille Gebco 1 min., IOC) hypocentres de séismes (catalogue PDE/NEIC, séismes M>4 1973-2008, taille des cercles proportionnelle à la magnitude) et mécanismes au foyer des séismes superficielles chevauchants (catalogue CMT). Les zones retenues pour la détermination des coupes de sismicité et le calcul des modèles thermiques correspondants (Fig. 6) sont délimitées en noir, de même que la position des profils sismiques (Fig. 3), en magenta, utilisés pour contraindre la structure profonde. Les positions estimées des deux principaux séismes historiques, 1839 (intensité IX) et 1843 (intensité X), considérés comme liés au plan de faille de subduction
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FIG. 4. -Carte régionale du flux de chaleur observé

FIG. 5. -Results of numerical modeling for Guadeloupe transect A)
Observed surface heat flow (red circles) and modelled surface heat flow for a range of subduction parameters as indicated. The gray shading shows the range of acceptable models and the thick black line the heat flow predicted by the preferred model (v=2cm/yr; slab age 80 Ma, slab dip 53°). B) Thermal structure along the Guadeloupe transect obtained by finite-element modeling (100°C isotherms), with earthquake hypocenters projected (see sampling box in Fig. 1 ) and slab depth of 120 km below the volcanic arc. The thermally predicted limits of the seismogenic zone are shown. The gray zones indicate the range of uncertainty on the basis of the model parameters tested (see text). The updip limit is given by the 150°C isotherm (with a transition zone to the 100°C isotherm). The downdip limit is given by the 350°C isotherm (with a transition zone to the 450°C isotherm). C) Thermal structure obtained along the Guadeloupe transect for a slab dip of 45° and a slab depth of 100 km below the volcanic arc. The resulting temperature beneath the arc ≤900°C) is too cold to allow generation of basaltic magmas, and this model must be discarded. Fisher and Hounslow, 1990) and from a survey of the deformation front at 12°20'N (Foucher et al., 1990) . Blue circles are from a detailed survey at 14°20 'N (Langseth et al., 1990) , with heat flow calculated from observations of the BSR (Bottom Simulating Reflector) shown by gray shading (Ferguson et al., 1993 (Foucher et al., 1990) . Source des données en cercles bleus : étude à 14°20 'N (Langseth et al., 1990) , avec le flux de chaleur calculé à partir des observations du BSR en ombré gris (Ferguson et al., 1993) . (Westbrook et al., 1988) 
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